Diet and food selectivity of Calliurichthys japonicus and Repomucenus huguenini were investigat ed from March 1992 to February 1993 in Tosa Bay, Kochi Prefecture. The diet of C. japonicus was com posed of polychaetes, amphipods, gastropods, ophiuroids, bivalves, cumaceans, and other small ben thic animals. Amphipods were abundant in number both in spring and winter months, while poly chaetes and ophiuroids were the most dominant in autumn and summer, respectively. Calliurichthys japonicus actively selected gastropods and showed a more randomized feeding character than R. huguenini. In R. huguenini, polychaetes and amphipods were the most dominant prey items throughout the year. Polychaetes were most abundant in number from spring to autumn, while the amphipods dominated in winter. Although R. huguenini had a similar diet to that of C. japonicus, R. huguenini had a more selective and specialized diet than the C. japonicus, and actively selected decapods, isopods , ostracods, and cumaceans. The difference in feeding habits between the two species may be attributed to their difference in adult body-size and their ability to visually differentiate prey at their different death distributions.
There are 19 genera and 139 species of dragonets inhabit ing the waters of the world.1) Of a total of nine genera and 126 species recognized in the Indo-Pacific region,2) 29 spe cies occur within the Archipelago of Japan,3) and 13 spe cies of 5 genera in Tosa Bay. 4, 5) Although dragonets have low economic importance, their distributional diversity and abundance both in deep and shallow coastal waters of Tosa Bay, off Kochi Prefecture, make them an ecologically important species in the Bay. They are one of several groups of fishes considered for ecological studies on the fish community structure of Tosa Bay. Various indicator organisms, including fishes, are used as bioindicators to provide an early warning of human im pacts on the marine environment.) As indicator species, almost every life history, ecological or behavioral charac teristic of a species has a bearing on whether or not it should be monitored.6) The feeding ecology of fishes is flex ible.7) Therefore, it is an important characteristic to be con sidered for monitoring ecological impacts.
In addition, since feeding is the activity which provides the resources re quired for maintenance, growth, and reproduction, it is of central importance to biological and ecological studies of fishes. 7) Calliurichthys japonicus and Repomucenus huguenini are two of the most abundant dragonet species, appearing in trawler catches in Tosa Bay. Because they are benthic and due to their abundance, C. japonicus and R. hugueni ni are possible bioindicator species for monitoring the long-term environmental health of the Bay. Furthermore, the relatively larger-sized C. japonicus is said to be dis tributed in the deeper waters, and the smaller-sized R. huguenini in the shallower waters of the Bay. Thus, these two species, as indicators, cover both the shallow and deep water environments of the Bay
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Information on the ecological relationship between these two species is scarce. Here, we aim (1) to elucidate the diet of the respective populations of C. japonicus and R. huguenini in Tosa Bay, (2) to compare these results and deduce the interrelationships in feeding ecology between the two species, and (3) to understand which feeding habits and environmental factors covary between and wi thin the two species. Basic ecological and behavioral infor mation of C. japonicus and R. huguenini derived from this study will be useful as a database for monitoring the conditions of the marine ecosystem of Tosa Bay.
Materials and Methods
To study the feeding ecology of the callionymids in Tosa Bay, a trawling survey was conducted monthly in eight depth zones at 15, 30, 45, 60, 90, 120, 150, and 190 m dur ing the period from March 1992 to February 1993 (Fig. I) . Fish specimens were temporarily stored in ice while at the sampling site and were preserved in 10% formalin solu tion immediately after sorting. In the laboratory, standard length (SL) and body weight (BW) of the fish were meas ured and weighed to the nearest 0.1 cm and 0.1 g, respec tively. Gut contents were extracted, sorted and counted under a binocular microscope. Seasonal frequency of oc currence and numerical abundance of each prey item for both species were then calculated.
Sampling of benthos was carried out seasonally at all depth zones using a Smith-McIntyre grab. However, our attempts to sample the benthos in summer were impeded by the weather conditions. The sediment was first sieved with a 1.00 mm wire mesh screen and then in a 0.33 mm mesh net. Benthic organisms and gut contents were preserved in 5% formalin solution. Sorting and counting of benthic organisms were done under a binocular micro scone with the aid of the stain reagent, rose bengal.
The formula used for measurement of prey selectivity followed Ivlev's index of electivity:8) E=(ri-pi)/(ri+pi); where E is th index of electivity, ri is the relative numeri cal abundance of prey item i in the gut, and p; is the relative abundance of prey item i in the environment. An index with a negative value indicates inaccessibility (non detection of prey by predator or avoidance of prey from predator), an index with a positive value indicates active selection, and a value of zero indicates random selection.
Because C. japonicus and R. huguenini occurred only in depth ranges of 45-120 m and 15-30 m, respectively ( Fig.  1 ), only samples of benthos collected from these depths were subsequently used for the food selectivity analyses. The numbers of specimens of both species (by size and sea son) used in the analyses are shown in Fig. 2 .
Results

Calliurichthys japonicus
In the dietary composition of C. japonicus, polychaetes occurred in every fish sampled throughout the year and in number were second to amphipods (mostly gammarids) ( Table 1 ). Amphipods were the most abundant prey in number both in spring and winter months, while poly chaetes, bivalves, and gastropods (including philiniids) supplemented the food during these periods (Table 1) . Ophiuroids and amphipods along with fish eggs contribut ed significantly to the food with ophiuroids being the most dominant in summer. In autumn, polychaetes, amph ipods, and gastropods were predominantly consumed with polychaetes contributing the highest number. On the other hand, polychaetes, amphipods, gastropods, and bivalves were the most frequently encountered food items during spring to autumn and occurred in all fish samples in winter (Table 1) . Small philiniid shells also appeared in the guts of 60% of the specimens and composed 4% of the total number of food consumed in spring. Small benthic animals listed as 'others' (Table 1) included scaphopods, echiurans, cnidarians, sipunculids, copepods, cephal opods, fish larvae, and several unidentified prey. Sand grains were observed in the guts of most fish.
The food preference of C. japonicus was further ana lyzed by separating the numerical abundance (%) of prey items in the guts of different sizes of the fish samples (Fig.  2) . The fish samples were divided into three size groups: 6.0-12.0 cm SL (small), 12.1-18.0 (medium), and 18.1 24.0 (large). Amphipods were dominant in the small and large-sized C. japonicus for the whole year, while ophiuroids were highest in number, followed by amph ipods, in the medium-sized fish. In the guts of small-sized C. japonicus, amphipods were especially abundant in spring, gastropods in summer, and polychaetes in autumn. In winter, the diet of small C. japonicus was mainly com posed of amphipods and bivalves. On the other hand, ophiuroids were significantly abundant in the guts of the medium-sized fish in summer and autumn. Amphipods were dominant in the diet of the medium-sized fish in spring and winter, while they were almost equal in number to the bivalves in spring. The large-sized C. japonicus seemed to consume equal numbers of bivalves, amphipods and gastropods in spring, but preferred ophiuroids in sum mer polvchnetes in autumn. and amphipods in winter. The occurrence of gastropods, amphipods, bivalves, and polychaetes in the guts of C. japonicus correlated with in situ abundance, foraminiferans, however, showed no such correlation (Fig. 3 ). There was a high consumption of bivalves, though the bivalves had a relatively low density in spring. No foraminiferan was found in the guts when the density of the organism in the environment was low in The number on the lower left of each pie chart represents the number of fish guts examined; nd, no data.
spring, while a comparatively low number of foraminife rans occurred in the guts of the fish when the density of the organism was highest in winter. In the measurement of diet selectivity in the natural population, C. japonicus ac tively selected gastropods, and consumed ophiuroids, bivalves, amphipods, and decapods at random ( Table 2) . Repomucenus huguenini Polychaetes and amphipods appeared to be the most dominant prey items in number observed in the guts of R. huguenini throughout the year (Table 3) . Polychaetes were most numerous from spring to autumn and supplemented the food of the fish significantly in winter. A shift in the most numerous prey item occurred in winter, when amph ipods dominated. Amphipods remained as a significant food from spring to autumn. Similarly, polychaetes and amphipods occurred most frequently in the guts of R. huguenini throughout the year (Table 3) . Small benthic animals and sand grains as found in C. japonicus were also observed in all the guts of R. huguenini.
Fish samples were divided into three size groups, 4.0 8.0 cm SL (small), 8.1-12.0 (medium), 12.1-15.0 (large) (Fig. 2) . The diet composition shows that polychaetes and amphipods were consistently the dominant food items of R. huguenini in the three size groups throughout the year. Polychaetes dominated in the small and large-sized fish, and amphipods in the medium-sized fish for the whole year. In the small-sized fish, polychaetes dominated in spring and autumn, and a switch in food preference, favor ing amphipods, occurred in winter. Medium-sized fish preferred both polychaetes and amphipods in spring, poly chaetes in summer, and amphipods in winter. The large R. huguenini in summer and autumn predominantly con sumed three food items (polychaetes, bivalves, and amph ipods), while decapods were also considerably high in num her in their ants in autumn
We did not observe any significant difference in the diet composition between sexes of both C. japonicus and R. huguenini.
Aside from amphipods, the number of prey items in the guts of R. huguenini generally did not correlate with the density of the organisms in situ (Fig. 4) . Amphipods were consumed in high numbers when the density of the organ ism in situ was also high in winter, while a relatively lower consumption rate was observed when the density was also low in spring and autumn. No bivalves were consumed when their density in situ was comparatively high in spring and winter. In addition, a comparatively high number of polychaetes was consumed when its density was relatively low in autumn, whereas the number of the same item was comparatively low in the guts when the density was high in winter. Decapods were also found to be relatively high in number in the guts when their density was very low in au tumn. Although the foraminiferans had a high density in situ, they were not found in the fish guts during the three seasons examined (spring, autumn, and winter). Repomuce nus huguenini actively selected decapods, isopods, os tracods, and cumaceans. It consumed amphipods at ran dom, and negatively selected polychaetes, bivalves, gastropods, ophiuroids, and foraminiferans (Table 2) .
Discussion Dietary Composition and Selectivity
The dietary compositions of C. japonicus and R, huguenini were fundamentally similar to each other, and to other records for dragonets, which are known to feed on small crustaceans and small benthic invertebrates. Spe cies of dragonets from different localities show variations in food preference,5 9-13) which may be attributed to the availability and abundance of food organisms in different localities. Because previous studies on the food prefer ences of dragonets are based solely on the relative abun dance of the prey items found in the guts of samples, the diet selectivity of dragonets in the natural population has not been examined. Therefore, until now, the prey selectiv ity of the dragonets has been poorly inferred relative to the abundance of the prey organisms in the natural environ ment.
The diet of C. japonicus showed a randomized feeding character on 40% of its prey items (Table 2) . Furthermore, the relationship between the numerical abundance in the guts and density in situ of prey organisms indicated that the food organisms which C. japonicus tended to select were the abundant ones in the bay. This suggests that the choice of food in C. japonicus may be dependent on the abundance of the food prey in situ; that is fishes consumed prey as they encountered them in the environment. On the other hand, R. huguenini fed by consuming only single food items at random, and actively selected four food items (Table 2) . Added to this, almost all of the prey items by number in the guts of R. huguenini did not correlate with the abundance of the prey items in situ (Fig. 3) . This suggests that R. huguenini is more selective in its diet than C. japonicus.
Results from a preliminary study of the brain pattern suggest that callionymids are predominantly visual feeders even in deeper waters.12) Calliurichthys japonicus inhabits greater depths (45-200 m), particularly thriving at 90 m, whereas R. huguenini occurs in relatively shallow areas (15- 30 m) of the Bay. We hypothesize that C. japonicus has a more limited feeding selectivity, presumably due to the decreased ambient illumination in deeper water, and thus this species has a more randomized feeding character. This makes the difference in their depth distribution a prob able factor for their different feeding modes. This hypothe sis may be further confirmed in a separate study concern ing the feeding selectivity of both R. huguenini and C. japonicus under different light intensities. Their visual feeding characteristics and distribution in different depths may further explain the active selection by R. huguenini for mobile prey items (decapods, isopods, ostracods, and cumaceans), the lower consumption of less mobile (ophiuroids) and sessile ones (bivalves, gastropods, and foraminiferans), and the random selection by C.japonicus of both mobile (amphipods, decapods, and ophiuroids) and sessile (bivalves) prey items. The relatively low con sumption by both dragonets of the small and sessile foraminiferans, despite their abundance in situ, may also confirm the visual feeding character of the dragonets as reported by Johnson.12) Ontogenetic and Seasonal Changes in Diet Composition
In Fig. 2 , medium-sized C. japonicus tended to change the main dietary item from amphipods to ophiuroids be tween summer and autumn. This indicates that a seasonal switch in the preferred food item might occur in medium sized C. japonicus during these months. In R. huguenini, the occurrence of a seasonal switch in food preference from polychaetes to amphipods in winter similarly may oc cur, though we lack data in autumn and winter for the medium and large-sized fish, respectively. Generally, there was no significant ontogenetic change in the diet of R. huguenini and C. japonicus throughout the year, though there were signs of seasonal switches in the food preferences of the two species.
General Feeding Ecology
Both species were specialist feeders, foraging on small benthic invertebrates living in the sediment. However, the dominance of only two food items (polychaetes, 36.8% and amphipods, 36.6% of the total number of food items consumed) in thh diet composition of R. huguenini, indi cates that the species (4..0-15.0 cm SL) fed mainly on these two food items throughout the year in the 15-30 m area of Tosa Bay, though large fish also tended to feed on other food items. This implies that R. huguenini may have a more specific feeding character than C. japonicus, which shows a more varied use of prey organisms (amphipods, polychaetes, ophiuroids, bivalves, and gastropods) in the three size groups (6.0-24.0 cm SL). Nibea mitsukurii, a coastal benthic fish in Tosa Bay, shows an ontogenetic change in food composition.14) This fish consumes larger size and a different composition of prey items as they in crease in body size. 14) Although ontogenetic change seemed not to occur in C. japonicus and R. huguenini, the body and mouth sizes of C. japonicus, which are relatively larger than those of R. huguenini, could not be ruled out as a factor which influenced the consumption of C. japoni cus of a variety of prey items at random. Moreover, the results of this study are similar to the reported feeding characters of two righteye flounders, Limanda herzenstei ni and L. yokohamae in Mutsu Bay, Aomori Prefecture. Limanda herzensteini showed a less specialized feeding character, feeding chiefly on polychaetes, sea hares, bivalves, ophiuroids, and macrurans, than L. yokohamae, which feed exclusively on polychaetes throughout the year.151 On the other hand, Omori16) suggested that the dis tribution of L. yokohamae in Sendai Bay seemed to be affected by the density of the food organisms. This also seems true for R. huguenini, in which most of the samples collected were from the 30 m depth, where polychaetes and amphipods were most abundant. However, in C. japonicus, the distribution of the species (mostly from 90 m) and the preferred food preference (amphipods and polychaetes) did not co-occur in the same area and season (data not shown). Thus it appears that the distribution of R. huguenini was influenced by the abundance of the prey item.. and that of C japonicus was not Repomucenus huguenini was also observed in a tank to feed by sucking up substrate and sorting the prey (Gon zales, unpublished). The food composition, the protrusi ble jaw of the mouth, and the presence of sand grains in the guts of C. japonicus suggest that this species is a car nivorous and benthos feeder, and may also pick its food by sucking up the substrate and sorting the prey similar to R. huguenini.
Since C. japonicus and R. huguenini occupy separate habitats (allopatric depth distribution) in Tosa Bay, we cannot expect competition for food resources between the two species, though their diet compositions were similar. However, the similarity in the food resource requirements of individuals with different sizes within the respective populations of C. japonicus and R. huguenini indicates the potential for intraspecific competition. This implies that competition between young and adults in the two spe cies for food resources may occur.
